Searching the Web for information via search engines is a ubiquitous phenomenon and a well-established field of study in Information Science. Social media sites also continue to evolve and by now have gained enough popularity and momentum to be used as not just vessels for communication with others, but also as important repositories of information. However, it is not clear if the information behavior of users of traditional search engines differ from those performing information searches strictly on social media sites. To address this, we examined data from two user studies on people's exploratory searching behavior: one group only used Web search engines, while the other exclusively used social media sites to search for information. Information search behaviors of both groups regarding exploratory tasks were observed and analyzed through search log and surveys. The results indicate that, while people using social media sites for exploratory search tasks find a smaller quantity and a less diverse set of documents than what they might discover when utilizing traditional Web search engines, they do perceive to end up with more relevant documents. They also report doing less work and feeling less challenged.
INTRODUCTION
The Web, as it stands today, contains a multitude of rich and varied information, much of it generated and shared by ordinary users of the Internet. The default tool that most people use when searching for information on the Web has been the ever ubiquitous search engine personified strongly by such services such as Google, Yahoo, and Bing. However, in the last few years, social media services such as Facebook (71%), Twitter (23%) and reddit (6%), among others (Duggan, Ellison, Lampe, Lenhart, & Madden, 2015) , have become ever more popular as places to go to that contain a lot of information that is both user-generated and professionally vetted or edited. For example, a social media user might come across information in the form of personal comments or opinions, as well as links to online news articles from more traditional sources. With access to ever-growing networks of users and with information seeking tools of their own, many social media sites are quickly becoming alternative venues for online users to seek and find information. Moreover, many social media sites give their users access to a social network of friends, acquaintances, subject matter experts, celebrities, and so on. This makes social media sites attractive sites for people to visit when searching for information, especially in the exploratory phase.
The manner in which people create information and content, and share it through their social media networks is different across the particular social media they use. As these social media platforms influence the social communication infrastructure of society, a fairly large number of scholarly works have used social media as sources of data for understanding social activities, public opinion, political action, and other socially-related things. Does this mean, however, that people's information search behavior on social media sites differs from when they use search engines? It is worthy to note that Web search engines do not scan the entirety of the Web (for example, they do not have access to a lot of what is termed "the Invisible Web," that is, content that is not indexed by standard search engines). We will therefore refer to the portion of the Web that is searched by standard search engines and returned on search engine results page (SERP) in this article as the "visible Web."
In this paper, we try to answer that question by comparing using study data acquired from two sets of people: one that has searched for online information using search engines and another that was limited to using social media sites. We propose an evaluation framework that includes five categories and present findings that show that exploratory search using popular Web search engines yielded more numerous and diverse documents than when performing searches exclusively on social media sites, however, social media site searches provided higher perceived relevant ASIST 2015 ,November 6-10, 2015 Author Retains Copyright.
results. Additionally, people who performed exploratory searches on social media sites reported feeling more positive about certain aspects of cognitive load. More specifically, they felt less challenged with the task at hand, which also felt like less hard work compared to that done using Web search engines.
BACKGROUND Exploratory Search
Marchionini (2006) divides search behaviors into three types that he calls lookup, learn, and investigate. Lookup is the most basic kind of search task and has been the main focus of scholarly work on Web search engines and information retrieval (IR) techniques. Exploratory search, however, is more akin to the learn and investigate activities. White and Roth (2009) define exploratory search as a "sense making activity focused on the gathering and use of information to foster intellectual development." Users who conduct exploratory searches are generally unfamiliar with the domain of their goals, and unsure about how to achieve them (White & Roth, 2009) . Considering the dynamic and evolving nature of exploratory search, many scholars have investigated the main factors relating to the this type of task, such as uncertainty, creativity, innovation, knowledge discovery, serendipity, convergence of ideas, learning, and investigation (Bawden, 1986; Budd, 2004; Foster & Ford, 2003; Marchionini, 2006; White & Roth, 2009) .
Another important area of study in IR is information evaluation. A number of measures have been developed to evaluate IR performance based on user and system wide metrics (Saracevic, 1995) . Traditional IR measures include recall, precision, mean average precision (MAP), mean reciprocal rank (MRR), and novelty.
Vakkari's evaluation framework (2010) focused on analyzing information need and search formulation. Measures of success in explicating information needs include a measure of exhaustivity, specificity, combined measure, and conceptual integration, while search formulation is measured by two concepts: term selection for representing search concepts, and query formation for combining search terms as a query. Spink (2002) proposed an evaluative framework for exploratory search by applying a user-centered approach with the use of a new search tool covering effectiveness and usability. Shah et al. (2015) suggested an evaluation framework that includes a variety of measures that gauge the amount of information one discovers through exploratory searching (Information Exposure), the goodness of information discovered (Information Relevancy), the way information is sought and retrieved (Information Seeking), the overall goodness of the search process (Performance), and the learning that takes place in the search process (Learning).
Social Search
After the emergence of Web 2.0 in the last decade or so, and especially after the advent of social media and its subsequent popularity, a rich amount of information has been generated and shared by ordinary users of the Internet. This information conveys all manner of news, facts, opinion, emotions, entertainment, and multiple creative outlets, among other things. Moreover, as numerous forms of social media have emerged, multiple ways in which people generate and share information have also emerged. The manner in which people create information and content, and share it through their social media networks is different across the particular social media they use. As these social media platforms influence the social communication infrastructure of society at large, a fair large number of scholarly works have used social media as sources of data for understanding social activities (Kooti, Yang, Cha, Gummadi, & Mason, 2012; Naaman, Boase, & Lai, 2010) , public opinion (Bennett & Iyengar, 2008; Castells, 2008) , political action (Parsons, 2009; Siegel, 2009 ) and more.
The term social search refers to the use of social mechanisms to find online information. This type of search makes the use of search engines that social media provide, or the use of community members' responses and interaction about the search results (Morris, Teevan, & Bush, 2008; Smyth, Briggs, Coyle, & O'Mahony, 2009) , as well as social tagging structures. Evans and Chi (2008) defined social search as an overarching term used to describe searching for information that makes use of social interactions with others, whether implicitly or explicitly, geographically co-locatedly or remotely, or in synchronous or asynchronous time (p. 485).
People search for social media information in at least two ways (Efron, 2011; Sullivan, 2009a Sullivan, , 2009b ):
• They ask questions to their friends or followers in the hopes that their networks will answer them.
• They conduct searches over preexisting social media data in the hope of finding out relevant information.
Research in the first approach has shown that many social media posting, such as Tweets involve asking or answering questions. reported that a half of respondents in their survey had used Facebook or Twitter to ask questions. Considering the "asking for information" practice, research has been conducted to investigate the differences between search engines and social media and their complementary roles in information seeking (De Choudhury, Morris, & White, 2014; Morris & Teevan, 2012) . Those two online services can help users find useful information with asking their networks as well as using search engines Morris & Teevan, 2012) , for instance, relating to health information (De Choudhury et al., 2014) . Teevan et al. (2011) compared search behavior on one type of social media platform, Twitter, using query logs and supplemental qualitative data, to find out people search Twitter to seek temporarily relevant information and information related to people.
Several numbers of formal models have been proposed to describe the interaction of social information seeking with the use of online information sources (Evans & Chi, 2008; Evans, Kairam, & Pirolli, 2009; Pirolli, 2009 ). However, little attention has been paid to how people search social media, and how they explore the search results (Efron, 2011) . To address this "social media search" problem, Efron mentioned several IR concepts that could make ways into retrieval settings over social media: sentiment analysis and opinion mining, entity search, user-generated metadata, authority and influence.
Research Questions
From the literature review, we have found that little research on the evaluation of social media search has been conducted, especially in the context of exploratory search. In this paper, we explore the information behavior of users doing exploratory information searches on social media. To better understand this behavior, we ask the following two research questions:
1. In an exploratory search task, to what extent, if any, are there differences in information behavior between visible Web searching and social media searching?
2. To what extent, if any, does using a particular social media for exploratory search task show different information usage pattern?
STUDY Data Sets
For this paper, we use two data sets from two separate, yet similar, user studies. These two studies target similar participants and impose similar session workflows and search topics for the tasks at hand. The first data set is from a 2013 study on user logs in visible Web search conditions (Study 1). The second data set is culled from a user study done in 2014 that looked at participants' information seeking through social media (Study 2).
In both studies, a logging tool installed in the Firefox Web browser was used. The tool has a powerful logging functionality capable of recording users' action within the browser, which includes Webpage visited and queries run on Web search engines. All of this data was recorded with timestamps.
Participants
In the recruitment stage for both studies, we asked undergraduate students from a major Northeastern US university to participate in a study through open calls via various email-lists. Participants were each compensated $10 in cash upon completion of the study. There were 12 participants in Study 1 and 13 participants in Study 2.
Session Workflow
The experimental session workflows for both studies were similarly designed. Each session lasted approximately 45 to 50 minutes and structured in six stages. Session workflows are described in Table 1 . The researchers guided the participants through each stage.
Tasks
For Study 1, participants were asked to collect relevant information in an exploratory search task on the topic of "global warming" as follows: The users in Study 1 engaged with a search engine (Google, specifically) to do exploratory search on the Web, whereas the users in Study 2 exclusively used social media sites as both search mechanisms and information sources for their exploratory searches. Task: Participants worked on their tasks, which included searching for and collecting relevant information that was then used to write a brief report.
30-35
6 Post-task questionnaires: Participants filled out a post-task questionnaire, which included questions about their perceived difficulties of and confidence in accomplishing their tasks as well as a simplified version of NASA's Task Load Index (TLX) (Hart & Staveland, 1988 In order to compare and evaluate the differences between the information behaviors of people performing exploratory searches through Web search engines and others doing so through social media sites, we considered some of the measures suggested in (Shah, 2014) and (Shah et al., 2015) , as described in Table 2 .
Information Exposure
The concept of Information Exposure refers to the amount of information a searcher discovers during an exploratory search task. In the case of our study, the information primarily refers to the visited Web documents (e.g., Web pages and social media pages/postings). In addition to Recall, a popular measure used in information retrieval (IR) studies to gauge information exposure, we also use a measure proposed by Shah et al. (2015) , called Coverage. This is defined as:
where, Coverage u i is a set of distinct documents ( d u i n ) visited by user u i .
Another variable, Unique Coverage, refers to the set of Web documents that were visited exclusively by one user.
We assume that Web documents with a high likelihood of discovery are easier to find and are common among the majority of the user groups, while Web documents with a low likelihood are difficult to find and reach. A participant finding these Web documents is being more effective in discovering information that is not just relevant, but also diverse. In order to operationalize this idea, Shah & González-Ibáñez (2011) 
The traditional IR measure, Recall, as used in this study is measured in conjunction with other measures (RelevantCoverage and the Universe of RelevantCoverage, U r ) that relate to information relevancy, which we expound on further in the next section.
Information Relevancy
This category refers to the "goodness" of information discovered regarding the relevancy of the task topic. Proxy for information relevancy is RelevantCoverage, defined as:
where RelevantCoverage ui is a set of distinct relevant documents (rd uin ) visited and copied, in part or in its entirety, by the user. The total number of distinct relevant Web documents visited only by one participant
Precision
The fraction of the documents retrieved that are relevant to the user's information need Information Seeking
Number of Distinct Queries
The number of distinct queries that were submitted to Web search engines or SM search engines by participant
Performance F-score The weighted harmonic mean of precision and recall
Cognitive Load
Challenge The extent to which a participant felt the task was challenging
Confidence
The extent to which a participant was confident in the information found
Mental Demand
The extent to which a participant felt mental demands completing the task
Physical Demand
The extent to which a participant felt physical demands completing the task
Hard Work
The extent to which a participant did work hard to complete the task
Negative Affect
The extent to which a participant felt negative 
The traditional IR measure of Precision is also used in this study as shown in (eq. 10).
Information Seeking
This category refers to the way users seek and retrieve information. In exploratory search, a user submits a number of queries in order to gather meaningful and relevant information for his or her information needs. As used by Shah et al. (2015) , we also define a variable called Q ui which is defined as the set of distinct queries issued by a participant u i . This tells us the quality and quantity of information seeking behavior of a particular user (eq. 11).
Performance
This category refers to the overall "goodness" of the search process. We use F-score as the primary measure for Performance.
In addition to F-score, we looked into using measures of Effectiveness and Efficiency, as did (Shah, 2014) , to understand how quickly and effectively a user was at finding useful information. However, we decided to exclude those two measures from our evaluation framework because the 30-second rule that determined usefulness of a particular page did not apply to our cases in Study 2. The 30-second dwell-time rule (Fox, Karnawat, & Mydland, 2005; White & Huang, 2010) determines whether the clicked link from a search engine results page (SERP) is perceived as useful to the searcher. However, given that most social media sites have very different page formats, this criteria may not be suitable to determine usefulness. For example, Twitter imposes a 140-character limit on tweets. Some users express their thoughts and opinions within that limit, while others include external links to provide additional relevant facts and/or related information.
Q u i = DistinctQueries u i
Therefore, a tweet has at least two dimensions to its usefulness: the usefulness of the tweet itself and the usefulness of the linked documents. Since usefulness depends on the searcher's information need and intentions, some might determine the usefulness of a tweet by skimming the words it contains. This typically takes less than 30 seconds.
Cognitive Load
Participants in the studies were given a post-task questionnaire that included the following questions regarding the challenges and difficulties during their tasks.
• Q1. How challenging was this task?
• Q2. How confident are you in the information you found on this research topic?
• Q3. How mentally demanding was this research task?
• Q4. How physically demanding was this research task?
• Q5. How hard did you have to work to accomplish your level of performance?
• Q6. How insecure, discouraged, irritated, stressed, and annoyed were you?
Responses to Q1 and Q2 in both studies were measured by a 5-level Likert scale. However, with question Q3 through Q6, Study 1 measured the participants with a 21-level Likert scale, whereas Study 2 used a more typical 5-level scale for those questions. In order to compare the responses from this latter set of questions, we converted the responses of Study 1 into a 5-level scale.
RESULTS
In order to compare the measures of evaluation framework for different experimental conditions, an independent t-test was conducted (Table 3) .
Information Exposure
In the condition of Open Web, such information primarily refers to the visited Webpages, while user-generated information on social media is included in the condition of social media, as well as the Webpages linked and visited through social media. The results (Table 3) 
Information Relevancy
The 
Information Seeking
In terms of the distinct queries from Study 2, note that we excluded queries submitted to popular search engines (e.g., "twitter midterm elections 2014"), rather than social media, and identified queries with combination of social media platform the queries were submitted to (A query "midterm elections 2014" to Twitter was separately counted from one to reddit). Also, in the case of Facebook, some users have tried to enter queries in window in Facebook interface. However, Facebook did not allow users to issue queries of interest, but it automatically found and showed them the relevant pages, posts, people based on the each character that was entered into the search window. As a result, participants were distracted to the results and could not complete the query searching -This phenomenon hindered us to observe ordinary information seeking process with regard to search queries. Thus, we excluded Facebook case from the data even if a participant tried to use the search feature. Study 1 participants who used the search engine were likely to issue more queries (M = 9.42, SD = 4.30) than who used social media in Study 2 (M = 3.62, SD = 2.22). This result supports Teevan et al.'s findings about searching behavior on Twitter: (1) Twitter queries are shorter, (2) more popular, and (3) less likely to evolve during a session (Teevan et al., 2011) . Considering that some participants in Study 2 repeat the same query on particular social media platforms, we can infer that people make sense of an issue through monitoring the associated search results from social media, while change and develop queries for search engines to learn the topic.
Performance
Not surprisingly, Study 2 (M = 0.085, SD = 0.038) achieved a higher F-score than Study 1 (M = 0.213, SD = 0.119), given that Study 2 had both higher recall and precision. Table 3 . Means per study for various measures and the differences (*: p<0.05, **: p<0.01). M = 3.75, SD = 0.97; Study 2: M = 2.54, SD = 0.78). The results of the other measures show that Study 1 was perceived to require more mental and physical effort, elicited more negative affect, and less confidence on the search results, however these differences were not significant.
DISCUSSION
Results based on the evaluation framework in the study revealed significant differences of search behavior between using visible Web search engines and searching through social media. Looking at a big picture, we observe that people in Study 1 clicked on more documents in their search results, as inferred from the measure of Coverage, but people in Study 2 felt that their retrieved documents were more relevant, as seen in the Precision measure. Both measures of Unique Coverage and of Unique Relevant Coverage from the two studies are not significantly different. However, they do suggest that that social media search results might provide people with more diverse information despite their limited extent of coverage. Figure 1 shows a conceptual comparison between the search results achieved by users in Study 1 versus Study 2. It shows that the documents within the visible Web are a distinct set from those documents within social media, although the two sets certainly intersect. In addition, some social media documents may not be in the visible Web. It was a moot point to show documents that were neither in the visible Web, nor in the social media set. illustrates that, although users in Study 1 were exposed to a higher number of documents (that sometimes included documents from social media sites), users in Study 2, who almost always retrieved documents from social media sites, were exposed to a higher proportion of relevant documents because, by simply choosing to go to social media sites for their searches, they selected a smaller set of documents that were de facto better suited to their information needs. This is a form of social information filtering and is partly accomplished because a user looks to other users of the social media site who might have similar interests in the same topic(s) for their opinions and guidance on an informational topic. These users also generate a lot of relevant content in these social media documents. Social information filtering complements content-based filtering (like those implemented by each social media site's search and presentation algorithms) because it automates the effect of "word-of-mouth" coming from like-minded people using the social media service (Shardanand & Maes, 1995) .
Since people who conduct exploratory searches are generally unsure about how to achieve their information seeking goals, they benefit by observing and monitoring others' opinions and interactions on social media. Note that, as Figure 1 demonstrates, sometimes returned documents from a Study 1-type search are gotten from social media sites, and sometimes returned documents in a Study 2-type search are gotten from Web sites that not from the origin social media domain. A small overlap of a set of returned documents from both types of search can exist, but we cannot demonstrate this with our data since the search topics for both studies were not alike.
Descriptive Observations and Social Media Site Use
Unlike Study 1, in which the visible Web was the starting point for the exploratory search, Study 2 ensured that social media sites were that starting point. The social media sites that were used in Study 2 are shown in Figure 2 . Out of a total 13 participants, more than half used reddit (reddit.com) (9) and Twitter (8). Facebook and BuzzFeed (buzzfeed.com) received the same number of participants (4), while imgur (imgur.com) and LinkedIn (linkedin.com) only had one visitor each. The number of participants visiting and the total number of queries suggest that visual sites like imgur and Facebook engendered the highest number of query activity, relative to the number of visits, whereas the more textual-based sites had a lower ratio. We present these numbers as interesting, but not necessarily significant findings as the sheer number of participants in this case is low. One of the interesting findings from our observation on how people used Twitter is that the queries were shorter and less likely to evolve or change as part of a search session, compared to Web search engine queries. Also, people repeated Twitter queries in order to monitor the associated search results, since Twitter, like other social media sites, present a much more dynamic results page that can change every few seconds. Web search engine users change and develop their queries, query reformulation, when trying to improve their search results (Rieh & Xie, 2006) . Social media information seekers, on the other hand, are presented with two orthogonal parameters that have significant outcomes on their search results: the query, and the fact that social media content changes rapidly in time.
As such, we observe, that these users prefer to keep one of these parameters constant (i.e. the query), while allowing the other parameter to influence the outcome of their search. Different reflections on Facebook's search features are also interesting and merit closer examination. As previously mentioned, when a user enters search queries in the search bar on Facebook, the search engine automatically looks for people, pages, groups and other related information registered on that social media site, and shows its results in list form. Some participants in Study 2 described the search feature on Facebook as follows: 
Limitations
Our data sets came from two different studies that have similar experimental environments and restrictions but were not exactly the same. One of the important differences between them was the topic given to the participants in their information search tasks. Study 1 gave the participants the topic of "global warming", while Study 2 asked them to look for information on "the midterm elections of 2014 in the United States." Furthermore, the task instructions given in Study 2 encouraged users to look for others people's opinions and reflections, whereas the other study's instructions emphasized looking for relevant facts. This difference could conceivably influence the relevancy of searched Web documents as perceived by the participants because the participants in Study 1 might have been motivated to gather more information in order to write their required reports, whereas Study 2 participants might have been satisfied with a relatively smaller number of Web documents that contained discourses on the results and outlooks of the election results.
Additionally, different searching behaviors on social media could be partially due to participants' differing research experiences. If we had conducted similar experiments with trained graduate students and research scholars instead, we might have observed different results and come to different conclusions. Also, the number of different sources explored is necessarily related to the diversity of information and the unique culture on each social media site influences content of information and social interaction that takes place in it. If we had insisted on participants to use a larger amount of social media sites as sources, our relevancy and coverage measures might have been different.
Future Work
White and Roth (2009) suggested that traditional IR measures based on retrieval accuracy, such as precision, recall, mean reciprocal rank (MRR), and mean average precision (MAP), might be inappropriate to use in exploratory search due to that process' complexity and the uniqueness. Significant differences revealed in our results might be due not only to the substantial differences between visible Web search engines and social media platforms, but also to the characteristics of exploratory search. It is important to investigate and introduce new measures that could complement the ones used in this study in order to better capture users' perceptions on information they find on social media as compared to what they might acquire from Web SERPs.
As we mentioned in the evaluation framework section, dwell-time, a measure typically used for determining the usefulness of a document was not considered in this study. The criteria for determining usefulness are quite dependent on the format of the presented search results. As such, different social media platforms (which all differ considerably from typical Web SERPs) should conceivably show different optimal dwell-times. We can measure these in future studies using instruments like eye-tracking sensors.
CONCLUSIONS
We have presented our work that compares exploratory search behavior of people on social media and the visible Web. We evaluated Information Exposure, Information Relevancy, Information Seeking, Performance, and Cognitive Load, as proposed in previous studies (Shah, 2014; Shah et al., 2015) . Our evaluation showed that people who used social media sites to do exploratory searches were able to find a proportionally higher number of relevant documents than those using Web search engines, despite their exposure to smaller amounts of documents. These findings seem to be informed by the social information filtering inherent to social media services. Also, our results indicated that participants who searched through social media felt less challenged by the task and did not work as hard as those who did similar tasks using typical Web search engines.
